INTRODUCTION
The genomes of picornaviruses, Bmall icosahedral animal viruses, are represented by a single-stranded 7.5-8.0 kilobase-long RNA molecule of positive polarity having an extended (several hundred nucleotideB) 5'-untranslated region (5'-UTR) (1) . This part of the viral genome embodies crucial cis-acting elements involved in the replication and translation of the viral genome. Point mutations in the middle of the poliovirus 5'-UTR are known to affect both the efficiency of translation initiation (2, 3) and the level of viral neurovirulence (4, 5) . The involvement of an extended segment of picornaviral 5'-UTRs in translation followed also from the experiments with a variety of engineered viral templates (6) (7) (8) (9) (10) . Moreover, recent studies implicated picornaviral 5'-UTRs in the non-canonical cap-independent internal initiation of protein synthesis (11, 12) . To gain a deeper insight into the molecular nature of appropriate cis-acting control elements one should know not only the primary structure of this genomic region but also its spatial organization.
We have undertaken a study of the secondary structure of picornaviral 5'-UTRs by adopting the following two approaches, (i) the theoretical comparative analysis of published sequences, which allowed us to delineate conservative and hence presumably biologically relevant elements, and (ii) the experimental inveatigations of the accessibility of RNA segments to Bingleand double-strand-specific chemical and enzymatic probes. The results demonstrated that a Bubgroup of picornaviruses, comprising entero-and rhinoviruses, displayed a highly conserved 5'-UTR folding (13, 14) . A somewhat similar, though not identical, model of the secondary structure of the 5-UTRs of these viruses was independently proposed, without experimental verification, by another group (15) . Our preliminary analysis suggested, however, that the 5'-UTR folding of a picornavirus subgroup comprising cardio-and aphthoviruses should follow a different pattern (14) . The present report describes this pattern as deduced from the comparative sequence analysis and experimental findings.
MATERIALS AND METHODS

Encephalomyocarditis virus and its RNA
The encephalomyocarditis virus (EMCV), originally obtained from Dr. N.V. Kaverin, was grown in Krebs-2 ascites carcinoma cells. The purified virus (16) was suspended in a buffer containing 0.1 M NaCl, 10 mM EDTA, 0.1% sodium dodecyl sulfate, 10 mM tris-HCl, pH 7.5, and treated with an equal volume of a deproteinizing mixture, phenol (saturated with 10 mM tris-HCl, pH 7.5):chloroform:iso-amyl alcohol (24:24:1). The extracted RNA was purified by centrifugation in a 15-30* sucrose concentration gradient in 0.1 M NaCl. 1 mM EDTA, 10 mM tris-HCl, pH 7.5 (Beckman SW27 rotor, 25000 rpm, 18 h, 4°).
Modification of viral RNA
The protocols used for the treatments of the viral RNA with dimethyl sulfate (DMS) and with SI and cobra venom (CV) nucleases, as well as for the identification, by specific termination of reverse transcriptaBe-mediated synthetic deoxyribooligonucieotide-primed DNA synthesis, of sites where nucleotide modifications or phosphodiester bond cleavage had occurred, were described previously (14) . The following synthetic primers were used: dTGTGGCCATATAATCAT ((complementary to nucleotides +8 to -8 of the sequence determined by Palmenberg et al. (17) ), dGGTACCTTCTGGGC (-125 to -141), dCGCTTGAGGAGAGCCAT (-165 to -181), and dGGGGTTCCGCTGCC (-295 to -308). To make comparisons of 5"-UTRs with varying lengths easier, the nucleotide position that immediately precedes the AUG triplet opening the polyprotein reading frame was assigned -1, the next position toward the 5' end was -2, and so on.
Source of the sequence information
Primary structures of the picornavirus genomes were taken from the references indicated in the parentheses: EMCV, strains ERR (17) 
RESULTS AND DISCUSSION
To derive a model of the 5'-UTR secondary structure of the genomic RNAs of cardio-and aphthoviruses (thereafter designated as the CA virus group) we followed the same approach as in our previous study of entero-and rhinoviruses (14): first, the conserved positions of inverted repeats were sought within the aligned nucleotide sequences, then the consensus folding of the appropriate genomic region was inferred from these data, and finally, the model was subjected to experimental verification. Actually, the 5'-UTRs of cardioviruses, on the one hand, and aphthoviruses, on the other, could unambiguously be aligned only at several highly conserved but relatively short nucleotide stretches scattered over the entire 5'-UTR; the primary structure separating these conserved elements diverged between the two viral genera to a considerable extent. Therefore, the 5'-UTRs of cardioviruses (3 EMCV strains, mengovirus, and 3 TMEV strains), on the one hand, and those of aphthoviruses (3 FMDV strains), on The portion of the 5'-UTR considered here may be divided into 5 structural domains (for the numeration of the domains, see Fig.  lc ). Domains 1 and 2 exhibit little conservation of the primary structure except for the very "upper" part of the latter (fully conserved, among the CA virus genomes, nucleotides are marked in Fig lb) . Domains 3 and 4 could be regarded as composed of two subdomains each: relatively conserved, with respect to the nucleotide sequence, 3C and 4C and more variable 3V and 4V. Domain 5 is represented by a stem-loop structure with a significantly conserved primary structure.
The secondary structure model for the EMCV 5-UTR was tested by investigating the RNA accessibility to single-strand-specific (DMS and SI nuclease) and double-strand-specific (.CV nuclease) probes. The results are shown in Fig. la . Little overlapping the signals characteristic of the 2 kinds of probes could be observed, and the distribution of these signals along the nucleotide sequence appeared to be reasonably well compatible with the predictions of the proposed model.
A few minor adjustments of the model could make it even more consistent with the experimental results. Among such possible adjustments are (i) introducing several G.U pairs at the ends of double-stranded elements and (ii) some structural rearrangements, e.g. , postulating the pairing between the stretches with coordinates -196 to -203 and -343 to -349 (not shown); this rearrangement appears to be energetically favored but results in a less conserved secondary structure detail.
It may be noted that the nucleotide sequence of the 5'-UTR segment investigated here was found to be identical to that reported for the RRR strain (17) with a single exception: a G-residue was observed in position -59 instead of an A-residue.
A computer-derived model of the FMDV 5'-UTR folding was reported previously by Clarke et al. (22) . Their and our models share a few secondary structure elements but markedly differ from each other in other aspects. Although the secondary structure of the FMDV RNA has not yet been investigated experimentally, and we are unable therefore to make any definite conclusions as to which model is more valid we are nevertheless inclined to prefer the model presented in Fig. lc: the preference is based on the conservation of the main features of this model among the RNAs of other representatives of the CA group and the experimental support for the existence of these features in one related (EMCV) RNA already studied. A computer-aided proposal for the cardiovirus 5'-UTR folding was very recently made by A. Palmenberg (personal communication). Again, some features of her and our models are identical or nearly so, but differences in certain other elements do exist. We feel appropriate to defer a detailed comparison of the 2 models until the Palmenberg'a version is published. Meanwhile, we do not see any compelling reasons for changing the structure shown in Fig. 1 .
What functional implications may the model have? Shih et al. (25) hybridized complementary oligodeoxyribonucleotides to different sites in the EMCV 5'-UTR or removed from it terminal portions of varying length; such modified templates were translated in reticulocyte lysates. It was found that the nucleotide sequence preceding our domain 1 could be blocked or removed without any adverse effect on template activity, suggesting that there is no important translational control element within the first 340 or so EMCV RNA nucleotides. On the other hand, the intervention into the descending branch of domain 2 (positions -414 to -355) or the ascending branch of domain 3 (-384 to -355), respectively, inhibited translation to a moderate extent or nearly completely. One can infer from these observations that some, albeit not essential, control elements must be located within domains 2 and/or 1, whereas the integrity of domain 3 is indispensable. This conclusion is fully compatible with the data reported by Jang et al. (12) who studied the efficiency of the synthesis, in HeLa cell extracts and reticulocyte lysates, of a reporter protein using an engineered template containing, as its untranslated leader, different portions of the EMCV 5'-UTR. Moreover, the latter study provided strong evidence that the appropriate internal (located within 5'-UTR) cia -acting elements of EMCV RNA are involved in the initial interaction with ribosomes. Obviously, more detailed studies are needed to define precisely the boundaries of cis-acting translational control elements within the EMCV 5'-UTR.
The proposed model should be helpful in planning such studies and interpretation of their results.
